To survive, all mammalian species must recognize and respond appropriately to threatening stimuli. In adults, the prelimbic medial prefrontal cortex (mPFC) appears to be involved in fear expression, whereas the infralimbic mPFC mediates fear extinction. In juvenile rats (PN26), the mPFC receives information on potential predators but does not act on it. To test whether the prefrontal cortex is capable of fear regulation in the young organism, we exposed juvenile rats to a threatening or nonthreatening stimulus and assessed fear and brain Fos activation of the mPFC subdivisions, amygdala and periaqueductal gray (PAG). In response to the threat, juveniles froze more, spent more time far from the threat, and had elevated numbers of Fos-positive cells in the prelimbic mPFC, the medial amygdala, and ventral PAG. To test the hypothesis that the mPFC has a dual role in modulating the amygdala and PAG in juveniles, we pharmacologically disinhibited each of the two subdivisions of the mPFC and assessed freezing and downstream activation to the threat. Juvenile rats infused with picrotoxin into the prelimbic mPFC and exposed to a threatening stimulus froze less, spent less time far from the threat, and increased Fos expression. Infusion of picrotoxin into the infralimbic mPFC also reduced fear responding to the threatening stimulus but had no effect on Fos expression. In sum, it appears that the mPFC can process threatening stimuli in juveniles at this age, even though it is normally not involved in the fear responses.
INTRODUCTION
The neural structures that mediate behavioral responses to threat are well characterized in adult rats and include the prefrontal cortex (PFC), amygdala, bed nucleus of the stria terminalis, dorsal premammillary body, and periaqueductal gray of the midbrain (PAG; Bandler and Shipley, 1994; Brandao et al, 1999; Davis, 2000; LeDoux, 2000; Sanders et al, 2003; Davis et al, 2010; Xu et al, 2012) . Even at young ages, animals can recognize and respond to threatening situations in an adaptive way (Hofer, 1995; Wiedenmayer and Barr, 1998, 2001b ). Yet little is known of the neural substrate of fear regulation early in life.
The medial prefrontal cortex (mPFC) has an important role in emotion regulation (Ongur and Price, 2000; Cardinal et al, 2002; Heidbreder and Groenewegen, 2003) , exerting 'top-down' influence on the structures such as the amygdala and PAG that produce behavioral responses (Bush et al, 2000; Miller and Cohen, 2001 ). The infralimbic mPFC has inhibitory and the prelimbic mPFC has excitatory properties in fear regulation (see Sotres-Bayon and Quirk, 2010 for a review). These inhibitory and excitatory properties influence the expression of defensive behaviors through direct projections that modulate outputs of the amygdala and the PAG (LeDoux, 2000; Ohman and Mineka, 2001; Rosen, 2004) .
In contrast to the abundance of data in adult rats, the mPFC circuitry that modulates responses to threat is minimally described in young rats. Cells projecting from the mPFC to the amygdala are rearranged during the first postnatal week (Bouwmeester et al, 2002) . By postnatal day (PN)13, neurons in all subdivisions of the mPFC project to the amygdala and the density of projections increases with age (Bouwmeester et al, 2002) . In preweaning pups (PN14), the mPFC is not activated by threats (Chan et al, 2011) . In adolescent animals (PN38-42), the mPFC is activated and influences freezing (Chan et al, 2011) . In contrast, the postweaning juvenile period (PN26) appears to be a critical intermediate time because exposure to a threatening stimulus produces robust freezing behavior and activates the fear circuit yet is unaltered by inactivation of the mPFC (Chan et al, 2011) . Thus, at this age, the mPFC is 'aware' of the threat but does not respond to it as it does in adults.
The unanswered question is, given that the mPFC is activated by a threat, is its inability to activate the downstream fear circuit due to an immaturity of the mPFC itself or due to immaturity of its downstream projections and targets?
To investigate whether subdivisions of the mPFC are capable of modulating behavioral responses to fear stimuli in early life, we tested whether activation of the mPFC can engage fear circuits in response to threat at PN26. To assess this, we disinhibited the mPFC by injection of the GABA A receptor antagonist picrotoxin to alter fear behavior and activate the downstream amygdala and PAG targets. If the fear circuit is immature in juveniles, disinhibition of the mPFC would not change fear behavior and the amygdala and PAG would not be active. If, in contrast, the circuitry is in place but not normally activated by the mPFC, disinhibition of the mPFC would intensify the fear response and increase amygdala and PAG activity as measured by higher Fos expression (Hoffman and Lyo, 2002) .
MATERIALS AND METHODS

Animals
Long-Evans hooded rats were bred under standard laboratory conditions in a colony room with a 12-h light-dark cycle with light onset at 6000 hours. Cages were monitored daily in the morning and evening for the presence of newborn pups and the date of birth was considered as day 0. Rats were weaned on PN23 and grouped with same-sex littermates in groups of two to four animals. We included only male rats because there are few data on defensive behaviors in females, especially during development. To include them would have required substantial detailing of any differences between males and females, which is outside the scope of these experiments. We considered PN26 animals to be juveniles, corresponding roughly to early preadolescent children. For experiment 1, there were 12-13 juveniles per stimulus (cat or female) for the behavioral analysis. Of these we assayed Fos on six animals per stimulus, due to technical issues unrelated to the data. For experiment 2, there were six to seven subjects per injection site, dose and stimulus for behavioral tests and four to six for the downstream Fos analyses. All tests and treatment procedures were approved by and were in accordance with the Institutional Animal Care and Use Committee of New York State Psychiatric Institute.
Testing Chamber and Behavioral Recordings
On the day of testing, two groups of three rats each from the same litter were removed from their home cage, weighed and marked for identification with an odor-free marker on their fur. We tested juveniles together to minimize the stress of isolation since the animals were group-housed. Experiments were conducted as detailed previously (Chan et al, 2011) . Briefly, they were placed in the testing cage (46 Â 25 Â 21 cm) that was subdivided by a wire-mesh partition positioned in the middle of the cage, forming two equal compartments. The three rats were placed in one compartment that was provisioned with soiled wood shavings that had been taken out of the home cage to simulate the nest area and reduce separation-induced stress. One was an unimplanted pups used in Experiment 1; the other two were implanted with cannulas aimed at the infralimbic or prelimbic aspects of the mPFC (Chan et al, 2011) . The data from these latter two subjects are presented in Experiment 2. 'Near' was defined as the half-compartment closest to the wire-mesh partition, 'far' was defined as the half-compartment furthest from the partition. Behavior was recorded first in a 3-min baseline period followed by a 5-min period of exposure to a non-threatening or threatening stimulus.
A sexually experienced, unfamiliar and unrelated female was presented as the non-threatening stimulus and a mixed cat fur odor stimulus from a fleece pad was presented as the threatening stimulus (refer to for cat odor stimulus details). These stimuli are ecologically relevant and age-appropriate. Predators represent a potent threat for young rats and the cat fur odor stimulus was found to be effective in previous studies, eliciting both unlearned and learned contextual fear in juvenile Long-Evans rats . Each subject was exposed to a single stimulus (female or cat fur odor).
The behavior was recorded and video files were scored with Observer XT 7.0 (Noldus Information Technologies, Wageningen, The Netherlands) software by an investigator blind to the treatments of the animals. Behavior categories included 'freezing', which was defined as any posture in which the animal did not exhibit movement except for respiration, time spent in the 'far' side, and the number of transitions between the 'far' and 'near' sections. Freezing and time spent on the far side are expressed as a percentage of the total exposure time; transitions are counts of crossings.
Cannula Implantation and Drug Infusion
On the afternoon before the testing day (PN25), rats were removed from the home cage, anesthetized by isoflurane inhalation and put in a Kopf stereotaxic apparatus (Kopf Instruments, Tujungan, CA) designed for bilateral cannula implantation. To avoid damage to overlying mPFC subdivisions, cannulas were implanted at an angle with intracranial cannula tips located within the infralimbic and the prelimbic mPFC ( Figure 1a) . Two holes were drilled and two 23-gauge guide cannulas (Plastics One, Roanoke, VA) were implanted bilaterally into the mPFC: infralimbic mPFC: 2.3 mm anterior and 2.0 mm lateral to bregma, lowered 4.2 mm below the skull at a 161 angle; prelimbic mPFC: 2.0 mm anterior and 2.2 mm lateral to bregma, lowered 3.3 mm below the skull at a 241 angle (Chan et al, 2011) . The guide cannula was fixed to the skull with dental cement and a dummy cannula was kept in the guide cannula to prevent clogging. After recovering in a holding cage with home cage shavings, the rat was weighed and put back with the littermates.
The next day, the test was carried out. Two cannulated rats and an uncannulated littermate were placed in the testing cage. The cannulated pups were injected with either the drug or vehicle. During infusion, a 30-gauge microinjection cannula was inserted 0.5 mm beyond the tip of the guide cannula. The microinjection cannula was connected to a 10-ml glass syringe. Drugs were microinjected for 30 s, and the microinjection cannula was left in place for an additional 30 s to permit diffusion. Ten minutes after infusion, the test continued as described above. After testing, the rats were left undisturbed in a holding cage for 2 h. Rats were given an overdose of a mixture of ketamine (100 mg/kg) and xylazine (15 mg/kg), and perfused with 4% paraformaldehyde. The histological placement of the cannula was determined for each animal by using a brain atlas (Paxinos and Watson, 2007) by an experimenter blind to the treatment groups and to the responses of the rat. Eight animals with cannulas placed outside target areas were excluded from the analysis. Distribution of the injection sites is shown in Figure 1b .
Drugs
The GABA A receptor antagonist picrotoxin (Sigma, St Louis, MO) was dissolved in isotonic saline, which was also used as the vehicle for control microinjections. Solutions were microinjected in a dose of 300 ng in a volume of 200 nl. The dose was determined by pilot studies.
Immunocytochemistry
The number of Fos-labeled cells was determined by immunocytochemistry 2 h after testing as described in Chan et al (2011) . The brains were frozen and sectioned coronally at 30 mm through the mPFC, amygdala, and PAG. Three out of every six sections were collected in 0.1 M phosphate buffer solution (PBS). One section was stained for cresyl violet to locate brain areas and two were used for immunocytochemical processing (ABC protocol (Hsu et al, 1981) ). Sections of the different conditions were assayed together and incubated for 48 h at 4 1C in the primary antibody (rabbit anti-Fos, H-125, Santa Cruz Biotechnology). Stained sections were mounted on gelatin-covered slides, dehydrated in alcohol and xylene, and coverslipped.
Fos Counts and Analysis
Positively labeled Fos-like cells were visualized using a microscope (Nikon Labophot-2 with Â 20 magnification) attached to a digital camera (Nikon DS-Fi1) connected to a computer, to identify all Fos-positive cells. Brain nuclei were outlined with the cresyl violet-stained sections using an atlas of the rat brain (Paxinos and Watson, 2007) . We counted Fos-like labeled cells in the combined basolateral and lateral nuclei (BLA) and medial nucleus of the amygdala (MeA) and the dorsal (dPAG) and ventrolateral (vPAG) columns of the PAG. All Fos-labeled cells were counted bilaterally in the outlined brain nuclei by an automated counting method using a Macro scripts written for ImageJ (Rasband, 1997 (Rasband, -2011 . As we were interested in comparing treatments, we counted the profiles of Fos-like IR cells in single optical planes, which is considered appropriate for this type of question (Coggeshall and Lekan, 1996) . We collected several sections per brain area and the mean number of cell counts per brain area was calculated by averaging counts from all sections for each animal. Sections of the different conditions and treatments were matched for corresponding neuroanatomical levels. Figure 1a and Figure 2b define the regions of interest for the Fos counts.
Statistical Analysis
For experiment 1, two-way ANOVAs were used to analyze differences between juveniles exposed to the cat fur odor or the female for behavior and Fos expression at each brain site. The two factors were stimulus and brain region. The brain region was a repeated measures factor. Separate ANOVAs were performed for the mPFC and for downstream structures. Post hoc tests compared the Fos counts for the cat fur odor vs the female for each structure (Sidak multiple comparisons). For experiment 2, there were no differences between the vehicle injection into the two sites and those data were combined for both behavioral and Fos analyses. This resulted in n ¼ 12-14 for behavioral analysis (freezing, transitions, time spent distant) and for the Fos data, n ¼ 12 for each amygdala region and n ¼ 7-12 for each PAG subdivision. Two-way independent ANOVAs were used with the three Cat-odor-exposed rats froze significantly more, spent more time farther away, and transitioned between chambers less than did female-exposed rats. injection conditions as factors (vehicle; picrotoxin into the infralimbic mPFC; picrotoxin into the prelimbic mPFC). The dependent variables were freezing, time spent in the far part of the chamber, number of transitions, and Fos counts. Projection areas (amygdala and PAG) were analyzed separately. Post hoc tests compared the response for prelimbic and infralimbic injection to the vehicle condition under the cat and female conditions (Sidak's multiple comparisons). All statistical tests and graphs were generated using GraphPad Prism (v. 6.0 for MacIntosh, San Diego, CA).
RESULTS
Experiment 1. Response to the Cat Fur Odor
Behavior. Intact juvenile rats froze significantly more to cat fur odor than to the adult female rat (Figure 2a : t(23) ¼ 10.80, po0.001). They also spent more time in the far side of the testing compartment and transitioned across the compartments less (t(23) ¼ 3.23, po0.01; t(23) ¼ 2.50, po0.05, respectively (Figure 2a) ). This suggests a constellation of behavioral responses to the threat of a cat characterized by less activity/more freezing at a greater distance from the cat fur odor.
Fos staining. Exposure to either of the two stimuli activated the prelimbic subdivision of the mPFC and the cat-odor-exposed rats expressed significantly more Fospositive cells in the prelimbic PFC than did female-exposed rats (significant area Â stimulus interaction: F(1,10) ¼ 35.48, po0.001 (Figure 2c) ). The number of Fos-positive cells did differ between cat-and female-exposed rats in the prelimbic but not in the infralimbic mPFC. Fos expression differed in the mPFC projection areas as well (Figure 2d ). There was a significant Area Â Stimulus interaction (F(3,30) ¼ 6.04, po0.01)). Post hoc analysis showed that, compared with female-exposed rats, rats exposed to cat fur odor had significantly more Fos-positive cells than rats exposed to the female in the medial amygdala and vPAG but not the basolateral amygdala or dPAG.
Relationships between freezing and Fos expression in the mPFC and projection sites. To assess this relationship, we correlated Fos expression with freezing. For the mPFC, the prelimbic Fos counts were significantly related to the behavior (r(10) ¼ 0.96), whereas the infralimbic mPFC Fos counts were not (r(10) ¼ 0.16). This suggests that the infralimbic mPFC is not receiving relevant input that relates to the perceived threat. In projection areas, Fos and freezing were related and significant in the medial amygdala and vPAG (r(10) ¼ 0.51 and 0.57; one-tailed since we predicted a positive relationship on the basis of the literature and the data in Figure 2 ) and nonsignificant in the dPAG and basolateral amygdala (r(10) ¼ 0.38 and 0.10). Scatterplots of these correlations are shown in Figure 3 .
Experiment 2. Disinhibition of the mPFC by Picrotoxin Infusion
To clarify further role of the mPFC in fear regulation in juvenile rats, the infralimbic and prelimbic subdivisions were disinhibited with picrotoxin.
Prestimulus behavior. To test the effects of picrotoxin injection into the mPFC on baseline responding, a 3-min period was assessed immediately before stimulus presentation (empty but novel experimental compartment) in picrotoxin-and vehicle-infused rats (Figure 4a ). Picrotoxin reduced freezing and increased transitions compared with vehicle, independent of the site of infusion ((F(1, 45) ¼ 4.62, po0.05); F(1, 46) ¼ 4.85, po0.05, respectively). There were no significant effects on the time spent in the far chamber.
Stimulus-induced behavior. For freezing, there were significant effects of the stimulus (F(1,45) ¼ 65.29, po0.001) and treatment (F(2,45) ¼ 4.59, po0.05) but not the interaction (Figure 4b ). Post hoc analysis showed a significant difference between vehicle and picrotoxin injected into either the prelimbic or infralimbic PFC for the cat fur odor but not the female (po0.001; po0.05, respectively), suggesting stimulus specificity. Juveniles spent more time far from the cat fur odor but not the female in the vehicle condition and there was no effect of the injection (stimulus effect: F(1,45) ¼ 16.11, po0.001), showing a fear response to the threat but no suppression by the picrotoxin injection. There were no significant differences in the number of transitions.
Disinhibition of the prelimbic mPFC significantly increased Fos expression in the dPAG (Stimulus Â Injection: F(2,38) ¼ 11.80, po0.001) and medial amygdala (Stimulus Â Injection: F(2, 42) ¼ 5.16, po0.01). Post hoc tests showed that prelimbic, but not infralimbic, injection of picrotoxin significantly increased the number of Fos-labeled cells of juvenile rats exposed to cat fur odor in the medial amygdala and dorsal PAG (Figure 4c ). There was no effect of mPFC disinhibition on Fos expression the basolateral amygdala or vPAG of rats exposed to cat fur odor. There was also no effect of prelimbic mPFC disinhibition in the amygdala or PAG of rats exposed to the adult female rat.
DISCUSSION
Summary of Results
Predator odor is a potent threat to animals in nature and for prey animals; it induces a constellation of behaviors that include freezing, avoiding the threat and/or fleeing. The defense strategy employed depends on the context and the proximity of the threat (Blanchard and Blanchard, 1989; Fanselow, 1994; Kavaliers and Choleris, 2001; Wiedenmayer, 2004) . Many laboratory fear procedures rely on a single measure, typically freezing (Blanchard and Blanchard, 1989 ). The present study employed age-appropriate and ethologically relevant stimuli, and observed other defensive behaviors that are part of a more complicated defensive strategy. The present results confirm and extend findings to include these other behaviors to show that laboratory-reared juvenile rats show unlearned fear to the cat fur odor but not the female (Chan et al, 2011; . This was evidenced by a consistent pattern of behavior that included increased freezing, more time in the distal part of the chamber, and fewer transitions. Thus, the reaction of the juvenile to the threat includes the oftmeasured freezing response, but also other accompanying responses. Fear behavior was accompanied by increased Fos expression in the prelimbic mPFC, medial amygdala, and vPAG. Freezing correlated highly with Fos expression in the prelimbic mPFC, supporting the idea that, to a large extent, prelimbic activation predicts the magnitude of a fear response (Sotres-Bayon and Quirk, 2010). Likewise, downstream structures within the fear circuit, the medial amygdala and vPAG both were activated by the cat fur odor compared with the female and correlated with freezing behavior. The infralimbic mPFC subdivision was not activated by the cat fur odor. In addition, the level of freezing to either stimulus did not correlate to the number of Fos-positive cells in the infralimbic mPFC, suggesting that the infralimbic subdivision of the PFC is not responsive to threat at this age. In adults, the infralimbic mPFC is involved in fear extinction. We know of no data in the immature animal that address the role of infralimbic cortex in fear extinction during development.
Disinhibition of either division of the mPFC with picrotoxin reduced freezing, reduced the time spent in the far chamber, and normalized transitions, disrupting the constellation of fear responses. Picrotoxin injected into the prelimbic mPFC specifically enhanced Fos expression in the amygdala and dPAG in response to the cat fur odor.
In contrast, in our previous work, inactivation of the mPFC with muscimol did not affect freezing or Fos expression in the amygdala or PAG in infants or in juveniles (Chan et al, 2011) . In older adolescent animals, muscimol infused into the prelimbic mPFC decreased freezing and vPAG Fos labeling with cat exposure (Chan et al, 2011) .
Consequently, disinhibition by picrotoxin of the prelimbic mPFC had downstream effects in the medial amygdala and vPAG that closely resembled the intact adolescent animal (Chan et al, 2011 ). It appears that the circuitry that modulates freezing and downstream structures is in place but is not normally activated by the mPFC in juveniles. That freezing would be decreased with disinhibition may indicate a change in defensive strategy from passive to active defense, supported by data that Fos is increased in the dPAG (see discussion below). The mechanisms that allow the developmental transition from quiesence to active function remains to be determined.
Prelimbic mPFC
The prelimbic mPFC appears poised and capable of regulating fear behavior and the fear circuit but does not yet do so in the juvenile rat. The prelimbic mPFC receives input that there is a threat: Fos and phosphorylated mitogen-activated protein kinase (pMAPK) expressions are enhanced by cat fur odor in the prelimbic mPFC, the medial amygdala, and ventral PAG (Chan et al, 2011; Li et al, 2012; present data) . Furthermore, the levels of freezing significantly correlated with the Fos expression in the prelimbic mPFC. However, inactivation by muscimol of the mPFC did not affect freezing or activation of downstream structures, suggesting that it does not normally participate in freezing behavior at this age (Chan et al, 2011) . Activation of the prelimbic mPFC by picrotoxin did reduce freezing and correlated highly with Fos expression in the medial amygdala and the vPAG, suggesting a capability to respond that is not normally engaged. Whether the normal function of the prelimbic mPFC in fear behavior in juveniles is actively inhibited, or whether permissive mechanisms are not yet developed, is not known.
Infralimbic mPFC
In contrast to the prelimbic mPFC, the infralimbic mPFC does not appear to be involved in the learned or unlearned response to a threat at PN26. Neither Fos (Chan et al, 2011 ; The behavior of juveniles injected with picrotoxin in the pre-stimulus adaptation period before presentation of the cat fur odor or female. There was increased freezing (left) and more transitions (right) in the picrotoxin-injected group compared with the vehicle-injected group. The site of injection did not differ nor were there effects on the time spent in the distant chamber (center). n ¼ 12-13 in each injection site. (b) Percentage time freezing, time spent in distal part of the chamber, and number of chamber transitions in juvenile rats infused with picrotoxin or vehicle in mPFC and exposed to a nonthreatening female or threatening cat fur odor (mean ± SEM). When infused into the infralimbic or the prelimbic mPFC, freezing to the cat was significantly reduced. n ¼ 6-7 in each picrotoxin condition, and n ¼ 12-14 for the vehicle groups.
(c) Number of Fos-positive cells in the amygdala and PAG of juvenile rats injected with vehicle or picrotoxin into infralimbic or prelimbic mPFC and exposed to a nonthreatening female or threatening cat fur odor (mean ± SE). Fos expression was significantly increased by picrotoxin compared with vehicle in the MeA and dPAG only after prelimbic infusion. There were no effects of picrotoxin in the BLA or the vPAG on Fos expression. n ¼ 6-7 in each picrotoxin condition, and n ¼ 8-12 for the vehicle groups. For all figures, ***po0.001, *po0.05.
present data) nor pMAPK (Li et al, 2012) increased with exposure to a threat. In addition, there was no significant correlation between freezing and infralimbic Fos expression. Because of these data and data in the adult showing that the infralimbic mPFC mediates fear extinction, we did not expect the reduction in freezing we observed in this picrotoxin-infused group. Interestingly, the infralimbic mPFC appears to be involved in fear extinction at PN23 and in adulthood, but not at PN29 (Pattwell et al, 2012) . Thus, the function of the infralimbic mPFC between PN26-29 is in transition and remains unclear. However, the lack of correlation of Fos expression in the infralimbic mPFC with any fear behavior suggests that, under normal conditions, the infralimbic mPFC is not engaged in unlearned fear at PN26.
Role of the Amygdala
The increased Fos expression in the medial but not basolateral amygdala is consistent with data in both weaning age and adult rats. Fos was increased in the basolateral and not the medial amygdala at PN14 in response to a strange male rat, but rapidly switched at PN21 to the adult-like pattern of medial and not basolateral amygdala activation to a threat (Wiedenmayer and Barr, 2001a; Takahashi et al, 2005) . Further, freezing is reduced by both with medial (Li et al, 2004) and basolateral amygdala activation (Vazdarjanova et al, 2001) . These data combined suggest that the basolateral amygdala is not activated by a threat but may have a role in freezing behavior. Of note, the medial but not the basolateral amygdala projects to the bed nucleus of the stria terminalis, a critical structure in the overall fear circuit (Dong et al, 2001) . The juvenile amygdala appears to be capable of activation in a manner similar to that in the adult. Fos activation in the medial amygdala, but not the basolateral amygdala, was significantly correlated with freezing. This further suggests that the basolateral amygdala is either not integral to predator-induced fear or functions independently of the remainder of the fear circuit.
Role of the PAG
In adults, the PAG has been divided anatomically and functionally. The vPAG generates passive (that is, freezing) and the dPAG generates active (that is, jumping) defensive behaviors (Bandler and Shipley, 1994; Fanselow, 1994; Jurgens, 1994; Behbehani, 1995; Davis, 2002) . For example, lesions of the ventrolateral column of the PAG abolished unconditioned freezing in various aversive situations such as predator exposure in adult rats (Liebman et al, 1970; De Oca et al, 1998; Farook et al, 2004) . The current data suggest that such a division of function exists also in juveniles, as there was a significant increase in Fos expression in the dPAG of cat-exposed, picrotoxin-prelimbic-infused juveniles that was not observed in the vPAG. As the dPAG is thought to be involved in active defense behaviors, this result may signify a developmental change in defensive strategy from passive to active responding (Davis, 2002) . However, picrotoxin-infralimbic-infused animals also exhibited a reduction in freezing with no change in dPAG Fos. Thus, the PAG does not appear to be engaged by mechanisms that reduce freezing with infralimbic activation.
Conclusions
In sum, freezing behavior in response to threat occurs in rats at all ages; however, neural control differs across ontogeny. Fos expression in the amygdala and PAG across early life demonstrates that these areas are responsive to aversive sensory stimulation and may receive modulatory input from the mPFC. This input seems to convey information about the level of threat and determines that the animal responds appropriately. Although complete understanding of 'upstream' modulation of fear-like responses in early life is still unknown, we have begun to localize where the immaturity of the fear circuit lies. Further study is required to understand how the mPFC influences freezing when disinhibited in juveniles.
